At the crossroad between Europe, Asia and Africa, Bulgaria is part of the Mediterranean/Black Sea Flyway (MBSF) used by millions of migratory birds. In this study bird species migrating through Bulgaria were investigated as carriers of zoonotic pathogens. In total, 706 birds belonging to 46 species were checked for the presence of various bacterial pathogens (Campylobacter, Yersinia, Salmonella, Listeria, Escherichia coli, Staphylococcus aureus, Francisella tularensis, Coxiella burnetii, Borrelia burgdorferi and Brucella spp). From 673 birds we investigated fecal samples, from the rest 33 -blood samples. We detected Campylobacter 16S rDNA gene in 1.3% of birds, but none were of pathogenic C. jejuni and C. coli species. E. coli 16S rDNA gene was found in 8.8% of the birds. Out of 34 birds that transported Y. enterocolitica strains (5.05%), only one carried a pathogenic isolate. Three birds (0.4%) were carriers of non-pathogenic Salmonella strains. Four avian samples (0.6%) were positive for Listeria monocytogenes and one (0.15 %) -for Brucella spp. None of the birds tested carried the tick-borne pathogens C. burnetii or B. burgdorferi s.l. Antibiotic resistant strains were detected, suggesting that migratory birds could be reservoirs and spreaders of bacterial pathogens as well as antibiotic resistance genes.
No comprehensive study has been carried out until now to determine the risk of carriage of food-and tick-borne pathogens arising from wild-living bird species crossing Bulgaria along MBSF. In this study, a large number of migratory birds were examined to determine their potential role as reservoir and spreaders of epidemiologically important pathogens.
Materials and methods
Samples collection. Standardized sampling of individual birds was conducted over a 3-year period (2011) (2012) (2013) at four locations on the territory of Bulgaria (Fig. 1 Migrating birds were caught by using 36 mm nylon mist nets (12 m in length, 2.5 m high). Captured birds were carefully removed from the nets and subjected to species identification, ringing, chort clinical examination and tick infestation. For fecal samples collection, each bird was placed in individual dark box with a sterile aluminium foil sheet at the bottom. Individual cotton swabs were taken from birds, non-defecating in a period of 30 minutes. Excreta samples or cotton samples were plated in situ onto selective agar media and transferred for further processing to the microbiological laboratory within 4 hours. The invading ticks were carefully removed D r a f t to protect bird from injury and placed individually in sterile plastic vials, numbered in accordance to the migrating bird collection number.
Birds were sexed and aged as described (Svensson, 1992 were mixed with the same volume of SET-buffer (0.15M NaCl, 0.05M Tris, 0.001M EDTA, pH 8.0). After overnight Proteinase K treatment at 56°C, 4M ammonium acetate was added for 1 h at room temperature. After precipitation with two volumes of ethanol and washing with 70% ethanol, the DNA pellet was dried and resuspended in 100 μl TE buffer. DNA from ticks was isolated with the Diatom DNA Prep 100 Kit (Isogene, Moscow, Russia). DNA concentration, purity and integrity were measured with NanoDrop 1000 (Thermo Fisher Scientific, USA) and migration in 0.8% agarose gels.
PCR analysis.
Extracted DNA and crude cell lysates were subjected to conventional and multiplex PCR with specific primers targeting genus-specific and virulence-associated genes of the investigated pathogens. Primers and PCR programs were selected according to the literature except the primers for C. burnetii and B.
burgdorferi, which were designed using primer-BLAST (www.ncbi.nml.nih.gov/tools/primer-blast). Primer sequences and targeted genes are listed in Table 1B 
Results
In total, 706 individual birds (representing 46 species from 22 families) were investigated. All birds appeared healthy at the time of sampling, except one, which was found dead. Data about bird species distribution according to the sampling sites are summarized in Suppl. Table 1 . The birds were heterogeneous in age -302 birds were juveniles (42.77%), 194 were adults (27.48%) and 210 birds could not be aged (29.74%).
Prevalence of pathogens in the feces of migratory birds
In total, 673 individual bird fecal samples were analyzed for the presence of various bacterial pathogens. Four strains of Campylobacter spp., 21 of Yersinia spp., 14 of Salmonella spp., 4 of Listeria spp., 14 of E. coli and 1 of S. aureus were isolated from the feces of different bird taxa (Table 1A) 
Antibiotic resistance patterns of birds' isolates
In total, 37 bird isolates were tested for their antimicrobial susceptibility (AST). The results are shown on Fig. 2 .
One Campylobacter isolate was resistant to 5 antibiotics (AMC, erythromycin, clarithromycin, tetracycline (intermediate resistance) and doxycycline). All Yersinia isolates showed no sensitivity to tetracycline. One
Yersinia isolate was multidrug-resistant towards streptomycin, tetracycline, bacitracin and amoxicillin. The isolated 14 Salmonella strains were resistant to ampicillin, amoxicillin, bacitracin, novobiocin and clindamycin.
Three isolates of E. coli, 4 of L. monocytogenes and the S. aureus isolate were defined as multi-drug resistant (Fig. 2) .
Presence of pathogens in ticks
During migratory birds rests at stopover sites along their routes ticks and other ectoparasites can attach and later detach from them. A total of 63 ticks were collected during this study: 20 ticks were picked on birds, and the remaining -from fields around the birds. Ticks were at the imago stage and belong to the species Dermacentor reticularis and Rhipicephalus sanguineus. No C. burnetii or B. burgdorferi s.l. DNA was detected in these ticks.
The importance of avian migration in spreading pathogens is often neglected although the number of birds migrating worldwide has been estimated to be five billions a year (Berthold, 2001). To our knowledge, this is the first study investigating a large number of birds as carriers of some important food-and tick-borne pathogens on the territory of Bulgaria along the MBSF. Salmonellosis is a known cause of death in many wild bird species (Pennycott et al. 2006 ), but these bacteria have also been isolated from apparently healthy birds (Morishita, 1999). We found a low rate of Salmonella strains carriage by Common Whitethroats at AL. AL is very specific stopover, as the salinity of this lake is 20-27.5%, which is 10 times higher than the salinity tolerance of Salmonella bacteria. This may account for the low rate of Salmonella carriage there. In our study no Salmonella spp. were isolated from waterbirds, in accordance with previous data showing that the incidence of these bacteria in waterbirds tends to be very low In the current study 9% of migratory birds (mostly omnivores, insectivores and plant-eating birds) were colonized with E. coli, which is in line with the known lower E. coli carriage by these birds as compared to 1983) have previously been isolated from wild birds. These bacterial species were also detected from wild birds in this study, but at a very low rate (only 1 strain of S. aureus and one positive blood sample for Brucella).
However, in the case of Brucella spp., it should be noted that the number of birds analyzed was low (33 birds)
but the blood taking procedure is quite invasive and stressful for the birds especially during their breeding and some of the bird species are under special protection.
Tick-borne pathogens such as F. tularensis, C. burnetii and B. burgdorferi were not detected in our study, suggesting that the birds along the MBSF crossing Bulgaria and their ticks (Dermacentor and
Rhicephalus) are not a major means of spreading these tick-borne pathogens.
Overall, it should be taken into account that the number of sampled individuals was low for some bird species. The higher number of Barn Swallows found as carriers of Campylobacter spp., Yersinia spp., Salmonella spp. and E. coli could reflect the higher proportion of these birds among the birds sampled.
The rise in antimicrobial resistance (AMR) in bacteria is of public health concern. The level of Therefore, spread over long distances of resistant bacteria by birds might represent a public health concern.
In conclusion, the samples collected during the expeditions carried out over a 3-year period gave us the opportunity to study a large variety of migratory birds that follow the MBSF as potential carriers of zoonotic pathogens. This is the largest survey to date on the presence of important food-and tick-borne pathogens in migratory birds. We found that birds transiting in Bulgaria harbour enteric bacteria such as Campylobacter, 
Yersinia, E. coli, Salmonella and

